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Abstract. The purpose of this study is to determine the instability of Doha stock market and 
develop forecasting models. Linear time series models are used and compared with a nonlinear 
Artificial Neural Network (ANN) namely Multilayer Perceptron (MLP) Technique. It aims to 
establish the best useful model based on daily and monthly data which are collected from Qatar 
exchange for the period starting from January 2007 to January 2015. Proposed models are for 
the general index of Qatar stock exchange and also for the usages in other several sectors. With 
the help of these models, Doha stock market index and other various sectors were predicted. 
The study was conducted by using various time series techniques to study and analyze data 
trend in producing appropriate results. After applying several models, such as: Quadratic trend 
model, double exponential smoothing model, and ARIMA, it was concluded that ARIMA (2,2) 
was the most suitable linear model for the daily general index. However, ANN model was 
found to be more accurate than time series models. 
1.  Introduction 
The stock market is instrumental in measuring the strength or weakness of a country's economy. In 
Arab countries, Egyptians took the initiative to set up a stock market in the18
th
 century, which is one 
of the oldest stock markets in the world. In gulf region, the oldest stock market was established in 
Kuwait in 1962 [1]. Over the course of the next few decades, other Gulf countries also progressed 
economically resulting in the establishment of stock markets in countries like the United Arab 
Emirates, Oman, and Qatar.  
For over a decade, Qatar worked hard to overcome the challenges, and over the next 15 years, it 
was able to build a competitive Liquefied Natural Gas (LNG) value chain that was able to reach the 
global market [2]. It was also successful in scaling up, integrating downstream, and built its reputation 
as a reliable and flexible partner and supplier. By the end of the last decade, Qatar directed its attention 
to the opportunities in converting lean gas into clean-burning gas-to-liquid fuels (GTLs) and it 
succeeded tremendously. Qatar is now the largest exporter of LNG and GTLs in the world with a 
supply chain that spans the entire globe [2].  
The Qatari government adopted a policy that aims to diverse income resources and evolving 
economic infrastructures. Specifically, the government extended the exploration projects in oil and gas 
sectors and offered many incentives that appeal to foreign investors to perform similar projects. With 
its strong and open economy, the government of Qatar is determined to establish international 
standards and practices [3]. Besides infrastructure, there are many opportunities in the financial sector 
as Qatar aims to be a regional hub for foreign financial institutions. Local and foreign investors can 
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avail the option of investing in Qatar Exchange, the country’s stock market, which keeps a list of 
brokerage companies that facilitate business in Qatar for those looking to trade directly, thereby Qatar 
is currently experiencing in benefitting from the economic boom. 
In Qatar, the stock market was established in 1995 under law no 14. After two years, in 1997, trade 
started with 17 listed companies and five brokerage firms. Work began with manual management of 
the trading floor. In August 1998, it was shifted to the central registration system. Within the next two 
years, the state of Qatar became the first country in the Gulf area to have the linkage with companies 
through the internet. At the same time, all manual trading systems were cancelled and trading became 
electronic. In 2002, it established its own website in the Internet and allowed investors to sell shares 
on the same day. After one year, the market was moved to a new building. By 2005, it allowed non-
Qataris to invest in shares with a rate not exceeding 25% of the shares traded in the market. Then in 
2006, both of the regular and irregular markets became integrated. In 2007, Qatar Exchange took 
membership of the World Federation of Exchanges (WFE). By 2009, Qatar witnessed a massive 
transformation into a world-class stock market when it signed a strategic partnership agreement with 
New York Stock Exchange (NYSE) Euronext.  
As of now, 43 companies are listed for trading on Qatar exchange which are divided by seven 
sectors. The biggest sector is Bank Sector, which includes 12 joint-stock companies. Other sectors are: 
Service sector and consumer goods with eight joint-stock company, Industry includes 8 joint-stock 
companies, Insurance sector with 5 joint-stock companies, Transport sector includes 3 joint-stock 
companies, Real estate sector contains 4 joint-stock companies, and the smallest sector is 
telecommunications that includes 2 joint-stock companies. 
Today, Qatar stock market has its own policy and legal power on this Exchange. The underlying 
vision of Qatar exchange is to support Qatar's economy by allowing the investors with a chance to 
trade fairly and efficiently. Qatar exchange is a part of Qatar’s national strategy and to be global, it has 
signed an agreement with NYSE Euronext and renamed the market as Qatar exchange. It helps Qatar 
to be an important financial center in the gulf region. Finally, this initiative makes Qatar an attractive 
market, locally and regionally, for investors. 
 
2.  Neural Network 
Predecting the stock market returns accurately can be a very challenging task in no small part 
because of the highly nonlinear nature of the financial time series [4]. Numerous studies have 
proven the existence of non-linearity in the financial markets. One very affective method to 
uncover this relationship is neural networks. Unfortunately, most of these studies failed to 
consider any alternative forecasting techniques. The also failed to determine the relevance of 
input variables, or consider the performance of the models under different trading strategies 
[5]. During the last few years, a number of  hybrid models and neural network models were 
proposed for obtaining accurate prediction of the results in order to outperform the traditional 
linear and nonlinear approaches. This paper will evaluate the efficiency of neural network 
models which are known to be dynamic and effective in stock-market predictions [6]. 
Artificial Neural Networks have become the subject of interest of researches and studies in 
the last few years and are being applied successfully across a wide range of problem domains, 
such as: engineering, finance, geology, physics, and medicine. There have been many 
attempts to define neural networks formally. Artificial Neural Network can offer a valid 
approximation of a vast class of nonlinear process [7]. Researchers also added that, “the most 
significant advantage of the ANN models over the classes of linear models is that ANNs are 
universal approximators that can approximate a large class of functions with high degree of 
accuracy”. In a recent research, it is stated that ANN models either control or at least resist 
the limitations of traditional forecasting models, including misspecification, biased outliers, 
and assumption of linearity [8]. 
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Multilayer Perceptron (MLP) procedure yields a predictive model for one or more dependent 
(target) variables based on the values of the predictor variables. MLP is a widely used approach in 
regression-type problems.An MLP network consists of three layers: input layer, hidden layer, and 
output layer as shown in Figure 2. Neuron sums up the values of inputs parameters according to their 
assigned weights, and adds a bias. By applying the transfer function, values of the outputs would be 
determined. The number of neurons in the input layer is determined based on the number of input 
parameters [9]. MLP network is a function of one or more predictors (also referred to as independent 
variables or inputs) that minimizes the prediction error of one or more target variables (also referred to 
as outputs). 
 
3.  Data of the Study 
Data for this study were obtained from Qatar exchange from January 2007 up to January 2015. Data 
were divided into two parts; the first part is used to identify a suitable time series model (January 2007 
– December 2014) and the second part is used for model validation (January 2015).  
Date: Date format for daily index is: Year, Month, Day; YYYY/MM/DD 
Index Closing Value: The closing price represents the most up-to-date valuation of a security until 
trading resumes again the next trading day.  
Figure 1 shows an increasing trend which reached its high peak at index 360 and dropped to the 
lowest point in between the year of 2007 and the beginning of 2009. This happened because of the 
global financial crisis which affected the stock markets all over the world. After that, the graph seems 
to be increasing with linear trend. 
 
 
Figure 1. Daily Index Closing Value 
 
4.  Methodology 
Two main methods were used for building a predictive model for the stock market data in the State of 
Qatar. Three time series models were utilized, namely: Trend model, Holt’s Trend corrected models, 
and Box and Jenkins Autoregressive Moving Average (ARIMA) model. On the other hand, Artificial 






















Time Series Plot of Index Value
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4.1 Time Series Techniques 
As the time series plot shows an increasing trend, several time series models were used. The Quadratic 
Trend technique was used, presented in equation (1), to investigate the trend of data. 
 
𝑌𝑡  =  𝛽0 +  𝛽1𝑡 +  𝛽2𝑡
2                                                       (1) 
 
On the other hand the plot shows breakthrough in the level, which indicates parameters are not 
constant. So, Holt’s Trend Exponential Smoothing Technique was also used for forecasting, as 
presented in equation (2) and (3). 
 
                                                  𝐿𝑡 = 𝛼
𝑌𝑡
𝑆𝑡−𝑠
+ (1 − 𝛼)(𝐿𝑡−1 + 𝑏𝑡−1)    (2) 
 
𝑏𝑡 = 𝛽(𝐿𝑡 + 𝐿𝑡−1) + (1 − 𝛽)𝑏𝑡−1                           (3) 
 
Equation (4) presents None-seasonal Autoregressive Moving Average (ARIMA) Technique which 
was also used as a mean linear stochastic model for forecasting. 
 
𝑍𝑡 = 𝛿 + 𝜑1𝑧𝑡−1 + 𝜑2𝑧𝑡−2 +⋯+ 𝜑𝑝𝑧𝑡−𝑝 + 𝑎𝑡–𝜃1𝑎𝑡−1–𝜃2𝑎𝑡−2 −⋯− 𝜃𝑞𝑎𝑡−𝑞    (4) 
 
4.2 Artifical Neural Network 
Network model, which is used in this study, has a single hidden layer that contains 𝑛 nodes. The 
model has feed-forward functionality. Linear neuron activation function of the network model is 
presented in equation (5).  
 




𝑗=1 + ∑ 𝛽𝑖𝑦𝑡−𝑖
𝑝
𝑖=1 +∈𝑡+ℎ                   (5) 
 
 
Figure 2. The Multilayer Perceptron (MLP) procedure. 
 
5.  Data Analysis and Discussion 
Analysis of data for this study was performed via three linear time series models, which are: Trend 
model, Holt’s corrected trend model, and Nonseasonal Box and Jenkins model (ARIMA). As a 
nonlinear model, Multilayer Perceptron (MLP) from Artificial Neural Network was also used. Among 
the linear models, ARIMA of order (2, 2) was identified as the most appropriate model with root mean 
square error (RMSE) as 287.97 as shown in Table 1. The Ljung Box Chi square statistic, as well as the 
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residual autocorrelation and residual partial autocorrelation were used to test the adequacy of ARIMA 
model.  
 
Table 1. The Root Mean Square Error (RMSE) of the four models. 
Model RMSE 
Quadratic Trend Model 42.19 
Holt’s Trend Model 26.31 
ARIMA (2,2) 16.97 
ANNW 3.01 
 
On the other hand, when MLP was implemented using the hyperbolic tangent as a hidden layer 
activation function, the mean squares error was found as 82.3, the average overall relative error was 
obtained as 0.668, and the relative error for scale dependents was generated as 0.824. Table 2 displays 
the actual observation results for ten days which was observed after the period of the collected data 
and their corresponding point forecasts for ARIMA and ANN models. 
 
Table 2. Comparison of the Forecasts for ARIMA and ANN models. 
Day Observed ARIMA Model 
Forecast 
ANNW Forecast 
1 10526.95 10394.69 10458.17 
2 10475.39 10383.96 10399.35 
3 10468.59 10373.23 10406.84 
4 10402.77 10362.51 10408.9 
5 10453.15 10351.78 10477.88 
6 10498.45 10341.05 10467.25 
7 10462.54 10330.33 10409.01 
8 10391.17 10319.6 10412.93 
9 10360.02 10208.87 10317.48 
10 10526.95 10394.69 10500.17 
 
As it can be seen clearly in figure 3, Artificial Neural Network provided a better forecasting than 
linear time series models. On the other hand, ARIMA model appears to be the most suitable time 
series model followed by Holt’s Trend model. 
 
 
Figure 3. Comparison between Actual, ARIMA, and ANN models. 
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6.  Summary and Conclusion 
Qatar's stock market is a rapidly growing market which is due to the tremendous economic growth in 
the country [10]. As more and more companies are joining to the stock market, the number of 
investors increases as well. Therefore, it is essential that the investors should have an idea about the 
future of their investments. This future prediction can be done by modeling the data through several 
techniques. 
This study analyzed the general closing index for the Qatar stock market from January 2007 to 
December 2016, as there was a drop in the time series because of the world’s financial crisis in 2008-
2009. Therefore, it was suggested by various similar studies, such as: studies on Saudi stock market 
and Johannesburg's stock market, to use data which are available after the crisis.  
As the stock market is a highly fluctuating market, it is more appropriate to study the general 
closing index by analyzing data in daily basis. Based on time series plots, share prices for Doha stock 
market is continuously increasing and it was found that the data acquired a quadratic trend as it had the 
lowest mean absolute deviation (MAD) and mean square deviation (MSD). Holts’ trend model, i.e. 
Double exponential smoothing model and ARIMA were applied and it was concluded that ARIMA 
(2,2) was the most suitable time series model for the daily general index. However, when Artificial 
Neural Network was applied, it shows a better forecasting than linear time series models. 
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